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DIAGNOSTIC AND THERAPEUTIC USE OF A RAB FAMILY GTP-BINDING 
PROTEIN FOR NEURODEGENERATIVE DISEASES 

The present Invention relates to methods of diagnosing, prognosticating, and 
monitoring the progression of neurodegenerative diseases in a subject 
Furthermore, methods of therapy control and screening for modulating agents 
of neurodegenerative diseases are provided. The invention also discloses 
pharmaceutical compositions, kits, and recombinant animal models. ^ 

Neurodegenerative diseases, in particular Alzheimer's disease (AD), have a 
strongly debilitating impact on a patient's life. Furthermore, these diseases 
constitute an enormous health, social, and. economic burden. AD is the most 
common age-related neurodegenerative condition affecting about 10% of the 
population over 65 years of age and up to 45% oyer age 85 (for a recent 
review see Vjckers et al., Progress in Neurobiology 2000, 60: 139-165). 
Presently, this amounts to an estimated 12 million cases in the US, Europe, 
and Japan. This situation will inevitably worsen with the demographic 
increase in the number of old people ("aging of the baby boomers") in 
developed countries. The neuropathological hallmarks that occur In the brains 
of individuals with AD are senile plaques, composed of amyloid-p protein, and 
profound cytoskeletal changes coinciding with the appearance of abnormal 
filamentous structures and the formation of neurofibrillary tangles. AD is a 
progressive disease that is associated with early deficits In memory formation 
and ultimately leads to the complete erosion of higher cognitive function. A 
characteristic feature of the pathogenesis of AD is the selective vulnerability 
of particular brain regions and subpopulations of nerve cells to the 
degenerative process. Specifically, the temporal lobe region and the 
hippocampus are affected early and more severely during the progression of 
the disease. On the other hand, neurons within the frontal cortex, occipital 
cortex, and the cerebellum remain largely intact and are protected from 
neurodegeneration (Terry et al.. Annals of Neurology 1981. 10: 184-192). 
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Currently, there is no cure for AD, nor is there an effective treatment to halt 
the progression of AD or even to diagnose AD ante-mortem with high 
•probability. Several risk factors have been identified that predispose an 
individual to develop AD, among them most prominently the epsilon4 allele of 
apolipoprotein E (ApoE). Although there are rare examples of early-onset AD 
which have been attributed to genetic defects In the genes for amyloid 
precursor protein (APP), presemilin-1 , and presenflin-2, the prevaSeot form of 
late-onset sporadic AO is of hitherto unknown etiologic origin. The late onset 
and complex pathogenesis of neurodegenerative disorders pose a formidable 
challenge to the development of therapeutic and diagnostic agents. It is 
crucial to expand the pool of potential drug targets and diagnostic markers. It 
is therefore an object of the present invention to provide insight into the 
pathogenesis of neurological diseases and to provide methods, materials, 
agents, compositions, and animal modells which are suited inter alia for the 
diagnosis and development of a treatment of these diseases. This object has 
been solved by the features of the independent claims. The subclaims define 
preferred embodiments of the present Invention, 

In the present invention, the differential expression of a gene coding for the 
GTP-binding protein rab31 is detected in human Alzheimer's disease brain 
samples by using an unbiased and sensitive suppressive subtractive 
hybridization approach. The exocytotoc and endocytotic pathways of vesicles, 
granules and organelles is a highly regulated process in cells. The spatial and 
temporal distribution of these cargoes is regulated, for instance, by the 
activity of small monomelic GTP-ases, called rab proteins (for review: Zeriall 
and McBride 2001, Nature Rev. Cell, BioL 2:107-117). These rab proteins are 
involved in diverse processes such as vesicle formation, vesicle and organelle 
motility, and tethering of vesicles to their target compartments. Thereby the 
rab proteins switch from a GTP-bound active to a GDP-bound inactive form. 
This process Is facilitated by the action of GTPase activating proteins (GAPs) 
in the target-membrane. Rab-proteins are located at the membrane of 
organelles via a 20~carbon geranyl-geranyl lipid anchor which is covalently 
attached to a cysteine-residue in the carboxy-terminus of the proteins -by Rab- 
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geranylgeranyltransf erase. The prenylation is essential for correct membrane 
localization and function of the rab-proteins. Integration into membranes is 
facilitated by so called Rab escort proteins (REPs) which are in involved In 
transfering newly synthesized rab-proteins to their target organelles where 
they interact with the SNARE factors which serve as multi protein complexes 
Involved in vesicle targeting and vesicle fusion. Over 50 different rab-proteins 
have been detected so far (Pereira-Leal and Seabra 2000, J. MoL Biol. 
301:11077-1087), and they are thought to be localized to distinct intracellular 
membrane compartments fulfilling specific tasks and functions. 

Rab31 was originally cloned from human melanocytes and designated rab22b 
(Chen et al. 1996, Gene 174:129-134; NCBi GenBank entry: af183421). It 
shares the conserved GTP-binding domains l-IV, which are common to GTP- 
bonding proteins like e.g. ras, and the cysteine-residues in the C-termlnai 
domain. The open reading frame consists of 585 base pairs coding for a 
polypeptide of 194 amino acids in length and with a molecular weight of 21.6 
kDa. It thus represents one of the smallest rab-proteins known so far. Two 
transcription products coding for rab31 were detected in human tissue (Chen 
et al. et al. 1996, Gene 174:129-134). The major transcript of 4.0 kb is 
expressed ubiquitously and abundantly in a wide variety of human tissues. An 
additional minor 1.0 kb-transcript is detected in tissues with relatively high 
expression levels, such as testis, ovary, lung, and leukocytes. The gene was 
subsequently mapped, to human chromosome 18. An almost identical cDNA 
was cloned from human platelets and designated rab31 (Bao et al. 2002, Eur. 
J. Biochem. 269:259-271; NCBI GenBank protein entry: AAB02832; NCBI 
GenBank entry for nucleotide sequence of rab31 cDNA: U59877). This protein 
differs by two nucleotides in the C-terminal region compared to the above 
mentioned rab22b giving rise to an amino acid exchange (rab31 as disclosed 
In this application Is identical to the protein as published in Bao et al. 2002). 
The expression of rab31 is most strongly in human brain and placenta and 
could be detected also in heart and lung whereas no expression was visible In 
liver, skeletal muscle, kidney and pancreas. Subcellular distribution analysis 
revealed that rab31 is associated with intracellular membranes rather than 
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being present In the cytosolic fraction (Bao et ah 2002. Eur, J, Biochem. 
269:259-271). Based on the above Information it is reasonable to assume that 
rab31, as a vesicle membrane-associated protein, participates in the 
regulation of vesicle trafficking, targeting and fusion. Rab31 may, for instance, 
impact on sorting and targeting of transport vesicles containing the ainyBoid 
precursor protein (APP) and, thereby, have a causative role in the 
development of AD. 



The present invention discloses a dysregulation o£rab31 gene expression on 
the transcriptional Oevel In the temporaB cortex regfon relative to the frontal 
cortex region of brain samples taken from AD patients. No such dysregulation 
is observed in samples derived from age-matched, healthy control To date, 
no experiments have been described that demonstrate a relationship between 
a dysregulatfon of rab31 gene expression and the pathology of neuro- 
. degenerative diseases, in particular AD. Such a link, as disclosed in the 
present invention, offers new ways, Inter alia, for the diagnosis and treatment 
of said diseases. 

The singular forms "a", "am", and "the" as used Herein and in the claims 
include plural reference unless the context dictates otherwise, For example, 
"a cell 1 ' means as well a plurality off cells, and so forth. The term "and/or" as 
used in the present specification and in the claims implies that the phrases 
before and after this term are to be considered eother as alternatives or In 
combination* For Instance, the wording "determination of a level and/or an 
activity" means that either only a level, or only an activity, or both a level and 
an activity are determined. The term "level" as used herein is meant to 
comprise a gage of, or a measure of the amount of, or a concentration of a 
transcription product, for instance an mRNA, or a translation product, for 
instance a protein or polypeptide. The term "activity" as used herein shall be 
understood as a measure for the ability of a transcription product or a 
translation product to produce a .biological effect or a measure for a level of 
biologically active molecules. The term "activity" also refers to enzymatic 
activity. The terms "level" and/or "activity" as used herein further refer to gene 
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expression levels or gene activity. Gene expression can be defined as the 
utilization of the information contained in a gene by transcription and 
translation leading to the production of a gene product, A gene product 
comprises either RNA or protein and is the result of expression of a geoe. The 
amount of a gene product can be used to measure how active a gene as. The 
term "gene" as used in the present specification and in the claims comprises 
both coding regions (exons) as well as non-coding regions (e.g. non-coding 
regulatory elements such as promoters or enhancers, introns, leader and 
trailer sequences). "Regulatory elements" shall comprise inducible and non- 
inducible promoters, enhancers, operators, and other elements that drive and 
regulate gene expression. The term "fragment" as used herein is meant to 
comprise e.g. an alternatively spliced, or truncated, or otherwise cleaved 
transcription product or translation product The term "derivative" as used 
herein refers to a mutant, or an RNA-edited, or a chemically modified, or 
otherwise altered transcription product, or to a mutant, or chemically modified; 
or otherwise altered translation product For instance, a "derivative" may be 
generated by processes such as altered phosphorylation, or glycosylation, or, 
acetylation, or lipidation, or by altered signal peptide cleavage or other types 
of maturation cleavage. These processes may occur post-translationally. The 
term "modulator" as used in the present invention and in the claims refers to a 
molecule capable of changing or altering the level and/or the activity of a 
gene, or a transcription product of a gene, or a translation product of a gene. 
Preferably, a "modulator" is capable of changing or altering the biological 
activity of a transcription product or a translation product of a gene. Said 
modulation, for instance, may be an increase or a decrease in enzyme 
activity, a change in binding characteristics, or any other change or alteration 
in the biological, functional, or immunological properties of said translation 
product of a gene, The terms "agent", "reagent", or "compound" refer to any 
substance, chemical, composition or extract that have a positive or negative 
biological effect on a cell, tissue, body fluid, or within the context of any 
biological system, or any assay, system examined, They can be agonists, 
antagonists, partial agonists or inverse agonists of a target Such agents, 
reagents, or compounds may be nucleic ^cids, natural or synthetic peptides or 
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protein complexes, or fusion proteons. They may also be antibodies, organic 
or anorganic molecules or compositions, small molecules, drugs and any 
combinations of any of said agents above. They may be used for testing, for 
diagnostic or for therapeutic purposes. The terms "oligonucleotide primer or 
"primer" refer to short nucleic acid sequences which can anneal to a given 
target polynucleotide by hybridization of the complementary base pairs and 
can be extended by a polymerase. They may be chosen to be specific to a 
particular sequence or they may be randomly selected, e.g. they will prime all 
possible sequences in a nni^. The length of primers used herein may vary 
from 10 nucleotides to 80 nucleotides. "Probes" are short nucleic acid 
sequences of the nuclleic acid sequences described and disclosed herein or 
sequences complementary therewith. They may comprise fuli length 
sequences, or fragments, derivatives, isoforms, or variants of a given 
sequence. The identification of hybridization complexes between a "probe" 
and an assayed sample allows the detection of the presence of other similar 
sequences within that sample. The term "variant" as used herein refers to any 
polypeptide or protein, in reference to polypeptides and proteins disclosed in 
the present inventoon. in which one or more amino acids are added and/or 
substituted and/or deleted and/or inserted at the N-termlhus, and/or the C- 
terminus, and/or within the native amino acid sequences of the native 
polypeptides or proteins of the present invention. Furthermore, the term 
"variant" shall include any shorter or longer version of a polypeptide or 
protein. "Variants" shall also comprise a sequence that has at least about 
80% sequence identoty, more preferabBy at least about 90% sequence identity, 
and most preferably at least about 95% sequence identity with the amino acid 
sequences of SEQ ID NO ( 1. "Variants" of a protein molecule shown in SEQ ID 
NO. 11 include, for example, proteins with conservative amino acid 
substitutions in highly conservative regions. "Proteins and polypeptodes" of 
the present invention include variants, fragments and chemical derivatives of 
the protein comprising SEQ ID NO. 1. They can include proteins and 
polypeptides which can be isolated from nature or be produced by 
recombinant and/or synthetic means. Native proteins or polypeptides refer to 
naturally-occurring truncated or secreted forms, naturally occurring variant 
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forms (e.g. splice=variants) and naturally occurring allelic variants. In the 
present invention, the terms "risk", "susceptibility", and "predisposition" are 
tantamount and are used with respect to the probability of developing a 
neurodegenerative disease, preferably Alzheimer's disease. The term 'AD' 
shall mean Alzheimer's disease. 

Neurodegenerative diseases or disorders according to the present invention 
comprise Alzheimer's disease, Parkinson's disease, Huntington's disease, 
amyotrophic lateral sclerosis, Pick's disease, fronto-temporal dementia, 
progressive nuclear palsy, corticobasal degeneration, cerebrovascular 
dementia, multiple system atrophy, and mnild=cognltive impairment. Further 
conditions iinvolving neurodegenerative processes are, for instance, ischemic 
stroke, age-related macular degeneration, narcolepsy, motor neuron 
diseases, nerve injury and repair, and multiple sclerosis. 

In one aspect, the invention features "a method of diagnosing or 
prognosticating a neurodegenerative disease in a subject, or determining 
whether a subject is at increased risk of developing said disease. The method 
comprises: determining a level, or an activity, or both said level and said 
activity of (i) a transcription product of a gene coding for rab31, and/or of (5i) a 
translation product of a gene coding for rab31. and/or of (iii) a fragment or 
derivative of said transcription or translation product in a sample from said 
subject and comparing said level, and/or said activity to a reference value 
representing a known disease or health status, thereby diagnosing or 
prognosticating said neurodegenerative disease in said subject, or 
determining whether said subject is at Increased risk of developing said 
neurodegenerative disease. 

The invention also relates to the construction and the use of primers and 
probes which are unique to the nucleic acid sequences, or fragments or 
variants thereof, as disclosed in the present invention. The oligonucleotide 
primers and/or probes can be labeled specifically with fluorescent, 
bioluminescent, magnetic, .or radioactive substances. The invention further 
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relates to the detection and the production of said nucleic acid sequences, or 
fragments and variants thereof, using said specific oligonucleotide primers in 
appropriate combinations. PCR-analysis, a method well known to those skilled 
In the art, can be performed with said primer combinations to amplify said 
gene specific nucleic acid sequences from a sample containing nucleic acids. 
Such sample may be derived either from healthy or diseased subjects. 
Whether an amplification results in a specific nucleic acid product or not, and 
whether a fragment of different length can be obtained or not, may be 
indicative for a neurodegenerative disease, in particular Alzheimer's disease. 
Thus, the Invention provides nucleic acod sequences, oligonucleotide primers, 
and probes of at least 10 bases in length up to the entire coding and gene 
sequences, useful for the detection of gene mutations and single nucleotide 
polymorphisms in a given sample comprising nucleic acid sequences to be 
examined, which may be associated with neurodegenerative diseases, in 
particular Alzheimers disease. This feature has utility for developing rapid 
DNA-based diagnostic tests, preferably also in the format of a kit. 

In a further aspect, the invention features a method of monitoring the 
progression of a neurodegenerative disease in a subject. A level, or an 
activity, or both said level and said activity, of (i) a transcription product of a 
gene coding for rab31, and/or of (ii) a translation product of a gene coding for 
rab31, and/or of (lot) a fragment or derivative of said transcription or 
translation product in a sample from said subject is determined. Said level 
and/or said activity is compared to a reference value representing a known 
disease or health status. Thereby the progression of said neurodegenerative 
disease in said subject is monitored. 

In still a further aspect, the invention features a method of evaluating a 
treatment for a neurodegenerative disease, comprising determining a level, or 
an activity, or both said level and said activity of (i) a transcription product of 
a gene coding for rab31, and/or of (ii)'a translation product of a gene coding 
for rab31, and/or of (Hi) a fragment or derivative of said transcription or 
translation product in a sample obtained from a subject being treated for said 
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disease. Said level, or said activity, or both said level and said activity are 
compared to a reference value representing a known disease or health status, 
thereby evaluating the treatment for said neurodegenerative disease. 

In a preferred embodiment, said subjects suffer from Alzheimer's disease. 

The present invention discloses the detection and differential expression and 
regulation of a gene coding for rab31 in specific brain regions of AD patients. 
Consequently, the rab31 gene and its corresponding transcription and/or 
translation products may have a causative role in the regional selective 
neuronal degeneration typically observed in AD. Alternatively, rab31 may 
confer a neuroprotective function to the remaining surviving nerve cells. 
Based on these disclosures, the present invention has utility for the diagnostic 
evaluation and prognosis as well as for the identification of a predisposition to 
a neurodegenerative disease, in particular AD. Furthermore, the present 
invention provides methods for the diagnostic monitoring of patients 
undergoing treatment for such a disease. 

It is particularly preferred that said sample to be analyzed and determined is 
selected from the group consisting of a brain tissue or other tissues, organs 
or body cells. The sample can also consist of cerebrospinal fluid or other body 
fluids including saliva, urine, blood, serum plasma, or nasal rnucosa. 

In further preferred embodiments, said reference value is that of a level, or an 
activity, or both said level and said activity of (i) a transcription product of a 
gene coding for rab31, and/or of (ii) a translation product of a gene coding for 
rab31, and/or of (iii) a fragment or derivative of said transcription or 
translation product in a sample from a subject not suffering from said 
neurodegenerative disease. 

In preferred embodiments, an alteration in the level and/or activity of a 
transcription product of a gene coding for rab31 and/or a translation product 
of a gene coding for rab31 in a sample cell, or tissue, or body fluid from said 

t 
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subject relative to a reference value representing a known health status 
indicates a diagnosis, or prognosis, or increased risk of becoming diseased 
with a neurodegenerative disease, particularly AD. 

In preferred embodiments, measurement of the level of transcription products 
of a rab31 gene is performed in a sample from a subject using a quantitative 
PCR-analysis with primer combinations to amplify said gene specific 
sequences from cDNA obtained by reverse transcription of RNA extracted 
from a sample of a subject. A Northern blot with probes specific for said gene 
can also be applied. It might further be preferred to measure transcription 
products by means of chip-based microarray technologies. These techniques 
are known to those of ordinary skill in the art (see Sambrook and Russell, 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, New York, 2000). 

Furthermore, a level and/or activity of a translation product of a rab31 gene 
and/or fragment of said translation product, can be detected using an 
immunoassay, an activity assay, and/or binding assay. These assays can 
measure the amount of binding between said protein molecule and an anti- 
protein antibody by the use of enzymatic, chromodynamic. radioactive, 
magnetic, or luminescent labels which are attached to either the anti-protein 
antibody or a secondary antibody which binds the anti-protein antibody. In 
addition, other high affinity Uganda may be used. Immunoassays which can be 
used include e.g. ELISAs. Western blots, and other techniques known to 
those of ordinary skill in the art (see Harlow and Lane. Antibodies: A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor. New York, 1999). All these detection techniques may also be 
employed in the format of microarrays, pro.tein-arrays, antibody microarrays, 
or protein-chip based technologies. 

In a preferred embodiment, the level, or the activity, or both said level and 
said activity of (i) a transcription product of a gene coding for rab31, and/or of 
(ii) a translation product of a gene coding for rab31, and/or of (iii) a fragment 
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or derivative of said transcription or translation product in a series of samples 
taken from said subject over a period of time is compared, in order to monitor 
the progression of said disease. In further preferred embodiments, said 
subject receives a treatment prlcr to one or more of said sample gatherings. 
In yet another preferred embodiment, said level and/or activity is determined 
before and after said treatment of said subject. 

in another aspect, the invention features a Kit for diagnosing or 
prognosticating neurodegenerative diseases, in particular AD, In a subject, or 
determining the propensity or predisposition of a subject to develop a 
neurodegenerative disease, in particular AD, said kit comprising: 

(a) at least one reagent which is selected from the group consisting of "(J) 
reagents that selectively detect a transcription product of a gene coding for 
rab31. and (ii) reagents that selectively detect a translation product of a gene 
coding for rab31; and 

(b) an instruction for diagnosing or prognosticating a neurodegenerative 
disease, in particular AD, or determining the propensity or predisposition of a 
subject to develop such a disease by 

- detecting a level, or an activity, or both said level and said activity, of said 
transcription product and/or said translation product of a gene coding for 
rab31 , in a sample from said subject; and - 

- diagnosing or prognosticating a neurodegenerative disease, in particular AD. 
or determining the propensity or predisposition of said subject to develop 
such a disease, 

wherein a varied level, or activity, or both said level and said activity, of said 
transcription product and/or said translation product compared to a reference 
value representing a known health status; or a level, or activity, or both said 
level and said activity, of said transcription product and/or said translation 
product similar or equal to a reference vaBue representing a known disease 
status, indicates a diagnosis or prognosis of a neurodegenerative disease, in 
particular AD, or an increased propensity or predisposition off developing such 
a disease. The kit, according to the present invention, may be particularly 
• useful for the identification of individuals that are at risk of developing a 
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neurodegenerative disease, in particular AD. Consequently, the kit, according 
to the invention, may serve as a means for targeting identified individuals for 
early preventive measures or therapeutiq intervention prior to disease onset, 
before irreversible damage in the course of the disease has been inflicted. 
Furthermore, in preferred embodiments, the kit featured in the invention is 
useful for monitoring a progression of a neurodegenerative disease, in 
particular AD, in a subject, as well as monitoring success or failure of 
therapeutic treatment for such a disease of said subject 

In another aspect, the Invention features a method of treating or preventing a 
neurodegenerative disease, in particular AD, in a subject comprising the 
administration to said subject in a therapeutically or prophylactieally effective 
amount of an agent or agents which directly or Indirectly affect a level, or an 
activity, or both said level and said activity, of (i) a gene coding for rab31, 
and/or (ii) a transcription producti of a gene coding for rab3l, and/or (iii) a 
translation product of a gene coding for rab31, and/or" (iv) a fragment or 
derivative of (i) to (iii). Said agent may comprise a small molecule, or it may 
also comprise a peptide, an oligopeptide, or a polypeptide. Said peptide, 
oligopeptide, or polypeptide may comprise an amino acid sequence of SEQ ID 
NO. 1 , or a fragment, or derivative, or a variant thereof: 

In preferred embodiments, the method comprises the application of per se 
known methods of gene therapy and/or antisense nucleic acid technology to 
administer said agent or agents. In general, gene therapy includes several 
approaches: molecular replacement of a mutated gene, addition of a new 
gene resulting in the synthesis of a therapeutic protein, and modulation of 
endogenous cellular gene expression by recombinant expression methods or 
by drugs. Gene-transfer techniques are described in detail (see e.g. Behr, Acc 
Chem Res 1993, 26: 274-278 and Mulligan, Science 1993, 260: 926-931) and 
include direct gene-transfer techniques such as mechanical microinjection of 
DNA into a cell as well as indirect techniques employing biological vectors 
(like recombinant viruses, especially retroviruses) or model liposomes, or 
techniques based on transfection with DNA co precipitation with polycations. 
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cell membrane pertubation by chemical (solvents, detergents, polymers, 
enzymes) or physical means (mechanic, osmotic, thermic, electrie shocks). 
The postnatal gene transfer into the central nervous system has been 
described in detail (see e.g. Wolff, Curr Opin Neurobiol 1993, 3: 743-748). 

In particular, the invention features a method of treating or preventing a 
neurodegenerative disease by means of antlsense nucleic acid therapy. I.e. 
the down-regulation of an inappropriately expressed or defective gene by the 
introduction of antlsense nucleic acids or derivatives thereof into certain 
critical cells (see e.g. Gillespie, DN&P 1992. 5: 389-395; Agrawal arid Akhtar, 
Trends Biotechno/ 1995, 13: 197-199; Crooke. Biotechnology 1992, 10: 882- 
6). Apart from hybridization strategies, the application of ribozymes, i.e. RNA 
molecules that act as enzymes, destroying RNA that carries the message of 
disease has also been described (see e.g. Barinaga; Science 1993. 282: 
1512-1514). In preferred embodiments, the subject to be treated is a human, 
and therapeutic antisense nucleic acids or derivatives thereof are directed 
against transcripts of a gene coding for rab31. It is preferred that cells of the 
central nervous system, preferably the brain, of a subject are treated in such 
a way. Cell penetration can be performed by known strategies -such as , 
coupling of antisense nucleic acids and derivatives thereof to carrier particles, 
or the above described techniques. Strategies for administering targeted 
therapeutic oligodeoxynucleotides are known to those of skill in the art (see 
e.g. Wickstrom, . Trends Biotechnol 1992, 10: 281-287). In some cases, 
delivery can be performed by mere topical application. Further approaches 
are directed to intracellular expression of antisense RNA. In this strategy, 
cells are transformed ex vivo with a recombinant gene that directs the 
synthesis of an RNA that is complementary to a region of target nucleic acid. 
Therapeutical use of intraeelluiarly expressed antisense RNA is procedurally 
similar to gene therapy. 



In further preferred embodiments, the method comprises grafting donor cells 
into the central nervous system, preferably the brain, of said subject, or donor 
cells preferably treated so as to minimize or reduce graft rejection, wherein 
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said donor cells are genetically modified by insertion of at least one transgene 
encoding said agent or agents. Said transgene might be carried by a viral 
vector, in particular a retroviral vector. The transgene can be inserted into the 
donor cells by a nonviral physical transfection of DNA encoding a transgene. 
in particular by microinjection. Insertion of the transgene can also be 
performed by eJectroporation, chemically mediated transfection, in particular 
calcium phosphate transfection, or liposomal mediated transfection. 

In preferred embodiments, sa(d agent for treating and preventing a 
neurodegenerative disease, in particular AO, is a therapeutic protein which 
can be administered to said subject, preferably a human, by a process 
comprising introducing subject cells into said subject, said subject cells 
having been treated in vitro to insert a DNA segment encoding said 
therapeutic protein, said subject cells expressing in vivo in said subject a 
therapeutically effective amount of said therapeutic protein. Said DNA 
segment can be inserted into said cells in vitro by a viral vector, in particular a 
retroviral vector. 

Methods of treatment, according to the present invention, comprise the 
application of therapeutic cloning, transplantation, and stem cell therapy using 
embiryonic stem cells or embryonic germ cells and neuronal adult stem cells, 
combined with any of the previously described cell- and gene therapeutic 
methods. Stem cells may be totipotent or pluripotent. They may also be 
organ-specific. Strategies for repairing diseased and/or damaged brain cells 
or tissue comprise (i) taking donor cells from an adult tissue. Nuclei of those 
cells are transplanted onto unfertilized egg cells from which the genetic 
material has been removed. Embryonic stem cells are isolated from the 
blastocyst stage of the cells which underwent somatic cell nuclear transfer. 
Use of differentiation factors then leads to a directed development of the stem 
cells to specialized cell types, preferably neuronal cells (Lanza et al., Nature 
Medicine 1999, 9: 975-977), or (ii) purifying adult stem cells, isolated from the 
central nervous system, or from bone marrow (mesenchymal stem cells), for 
in vitro expansion and subsequent grafting and transplantation, or (iii) directly 
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inducing endogenous neural stem cells to proliferate, migrate, and 
differentiate into functional neurons (Peterson DA f Curr. Opin. Pharmacol. 
2002, 2: 34-42). Adult neural stem cells are of great potential for repairing 
damaged or diseased brain tissues, as the germinal centers of the adult brain 
are free of neuronal damage or dysfunction (Colman A, Drug Discovery World 
2001, 7: 66-71). 

In preferred embodiments, the subject for treatment or prevention, according 
to the present invention, can be a human, an experimental animal, e.g. a 
mouse or a rat, a domestic animal, or a non-human primate. The experimental 
animal can be an animal model for a neurodegenerative disorder, e.g. a 
transgenic mouse and/or a Knock-out mouse with an AD-type neuropathology. 

In a further aspect, the invention features a modulator of an activity, or a 
level, or both said activity and said level of at least one substance which is 
selected from the group consisting of (i) a gene coding for rab31, and/or (li) a 
transcription product of a gene coding for rab31 and/or (iii) a translation 
product of a gene coding for rab31, and/or (iv) a fragment or derivative of (i) 
to (iii). 

In an additional aspect, the invention features a pharmaceutical composition 
comprising said modulator and preferably a pharmaceutical carrier. Said 
carrier refers to a diluent, adjuvant, excipient, or vehicle with which the 
modulator is administered. 

In a further aspect, the invention features a modulator of an activity, or a 
level", or both said activity and said level of at least one substance which is 
selected from the group consisting of (i) a gene coding for rab31, and/or (li) a 
transcription product of a gene coding for rab31, and/or (iii) a translation 
product of a gene coding for rab31, and/or (iv) a fragment or derivative of (i) 
to (iii) for use In a pharmaceutical composition. 
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In another aspect, the invention provides for the use of a modulator of an 
activity, or a level, or both said activity and said level of at least one 
substance which is selected from the group consisting of (I) a gene coding for 
rab31, and/or (ii) a transcription product of a gene coding for rab31 and/or (iii) 
a translation product of a gene coding for rab31, and/or (iv) a fragment or 
derivative of (I) to (ili) for a preparation of a medicament for treating or 
preventing a neurodegenerative disease, in particular AD. 

In one aspect, the present invention also provides a kit comprising one or 
more containers foiled with a therapeutically or prophylactleally effective 
amount of said pharmaceutical composition. 

In a further aspect the Invention features a recombinant, non-human animal 
comprising a non-native gene sequence coding for rab31, or a fragment, or 
derivative, or variant thereof. The generation of said recombinant, non-human 
animal comprises (i) providing a gene targeting construct containing said 
gene sequence and a selectable marker sequence, and (H) introducing said 
targeting construed into a stem cell of a nori-human animal, and (Hi) 
introducing said non-human animaD stem cell into a non-human embiryo p and 

(iv) transplanting said embryo into a pseudopregnant non-human animal, and 

(v) allowing said embryo to develop to term, and (vi) identifying a genetically 
altered non-human animal whose genome comprises a modification of said 
gene sequence in both alleles, and (vii) breeding the genetically altered non- 
human anomal of step (vi) to obtain a genetically altered non-human animal 
whose genome comprises a modification of said endogenous gene, wherein 
said gene is mis-expressed, or under-expressed, or over-expressed, and 
wherein said disruption or alteration results in said non-human animal 
exhibiting a predisposition to developing symptoms of neuropathology similar 
to a neurodegenerative disease, in particular AD. Strategies and techniques 
for the generation and construction of such an animal are known to those of 
ordinary skill in the art (see e.g, Capecchi, Science 1989, 244: 1288-1292 and 
Hogan et ah, 1994, Manipulating the Mouse Embryo: A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York), It is 

o 
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preferred to make use of such a recombinant non-human animal as an animal 
model for investigating neurodegenerative diseases, in particular AD. 

In another aspect, the invention features an assay for . screening for a 
modulator of neurodegenerative diseases, in particular AD, or related 
diseases and disorders of one or more substances selected from the group 
consisting of (J) a gene coding for rab31, and/or (ii) a transcription product of 
a gene coding for rab31, and/or (iii) a translation product of a gene coding for 
rab31, and/or (iv) a fragment or derivative of (i) to (iii). This screening method 
comprises (a) contacting a cell with a test compound, and (b) measuring the 
activity, or the level, or both the activity and the level of one or more 
substances recited in (i) to (iv), and (c) measuring the activity, or the ievel, or 
both the activity and the level of said substances In a control cell not 
contacted with said test compound, and (d) comparing the levels of the 
substance in the cells of step (b) and (c) t wherein an alteration In the activity 
and/or level of said substances in the contacted cells indicates that the test 
compound is a modulator of said diseases and disorders. 

in one further aspect, the Invention features a screening assay for a 
modulator of neurodegenerative diseases, in particular AD P or related 
diseases and disorders of one or more substances selected from the group 
consisting of (i) a gene coding for rab31, and/or (ii) a transcription product of 
a gene coding for rab3H, and/or (iii) a translation product of a gene coding for 
ra&31, and/or (iv) a fragment or derivative of (i) to (iii), comprising (a) 
administering a test compound to a test animal which is predisposed to 
developing or has already developed symptoms of a neurodegenerative 
disease or related diseases or disorders, and (b) measuring the activity 
and/or level of one or more substances recited in (i) to (iv), and (c) measuring 
the activity and/or level of said substances in a matched control animal which 
is equally predisposed to developing or has already developed said symptoms 
and to which animal no such test compound has been administered, and (d) 
comparing the activity and/or level of the substance in the animals of step (b) 
and (c), wherein an alteration in the activity and/or level of substances in the 
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test animal indicates that the test compound is a modulator of said diseases 
and disorders. 

In a preferred embodiment, said test animal and/or said control animal is a 
recombinant non-human animal which expresses a gene coding for rab31. or 
a fragment thereof, or a derivative thereof, under the control of a 
transcriptional regulatory element which is not the native rab31 gene 
transcriptional control regulatory element. 



In another embodiment, the present Invention provides a method for 
producing a medicament comprising the steps of (i) identifying a modulator of 
neurodegenerative diseases by a method of the aforementioned screening 
assays and (ii) admixing the modulator with a pharmaceutical carrier. 
However, said modulator may also be identifiable by other types of screening 
assays. 

In another aspect, the present invention provides for an assay for testing a 
compound, preferably for screening a plurality of compounds, for inhibition of 
binding between a ligand and a translation product of e gene coding for 
rab31, or a fragment or derivative thereof. Said screening assay comprises 
the steps of (i) adding a liquid suspension of said rab31 translation product, or 
a fragment or derivative thereof, to a plurality of containers, and (ii) adding a 
compound or a plurality of compounds to be screened for said inhibition to 
said plurality of containers, and (Hi) adding fluorescently labelled ligand to 
said containers, and (iv) incubating said rab31 translation product, or said 
fragment or derivative thereof, and said compound or plurality of compounds, 
and said fluorescently labelled ligand, and (v) measuring the amounts of 
fluorescence associated with said rab31 translation product, or with said 
fragment or derivative thereof, and (vi) determining the degree of inhibition by 
one or more of said compounds of binding of said ligand to said rab31 
translation product, or said fragment or derivative thereof. Instead of utilizing 
a fluorescently labelled ligand, it might in some aspects be preferred to use 
any other detectable label known to the person skilled in the art. e.g. 
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radioactive labels, and detect It accordingly. Said method may be useful for 
the identification of novel compounds as well as for evaluating compounds 
which have been improved or otherwise optimized In their ability to inhibit the 
binding of a ligand to an rab31 translation product, or a fragment or derivative 
thereof. 

In one further embodiment, the present invention provides a method for 
producing a medicament comprising the steps of (i) identifying a compound as 
an inhibitor of binding between a ligand and a gene .product of the gene 
coding for rab31 by the aforementioned inhibitory binding assay and (ii) 
admixing the compound with a pharmaceutical carrier. However, said 
compound may also be identifiable by other types of screening assays. 

In another aspect, the Invention features an assay for testing a compound, 
preferably for screening a plurality of compounds to determine the degree of 
binding of said compounds to a translation product of the gene coding for 
rab31, or to a fragment or derivative thereof. "Said screening assay comprises 
(i) adding a liquid suspension of said rab31 translation product, or a fragment 
or derivative thereof, to a plurality of containers, and (ii) adding a 
fluorescently labelled compound or a plurality of fluorescently labelled 
compounds to be screened for said binding to said plurality of containers, and 
(iii) incubating said rab31 translation product, or said fragment or derivative 
thereof, and said fluorescently labelled compound or fluorescently labelled 
compounds, and (iv) measuring the amounts of fluorescence associated with 
said rab31 translation product, or with said fragment or derivative thereof, and 
(v) determining the degree of binding by one or more of said compounds to 
said rab31 translation product, or said fragment or derivative thereof. In this 
type of assay it might be preferred to use a fluorescent label. However, any 
other type of detectable label might also be employed. Said assay methods 
may be useful for the identification of novel compounds as well as for 
evaluating compounds which have been improved or otherwise optimized in 
their ability to bind to an rab31 translation product. 

t 
'l 
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In one further embodiment, the present invention provides a method for 
producing a medicament comprising the steps of (i) identifying a compound as 
a binder to a gene product of the rab31 gene by the aforementioned binding 
assays and (ii) admixing the compound with a pharmaceutical carrier. 
However, said compound may also be identifiable by other types of screening 
assays. 

In another embodiment, the present invention provides for a medicament 
obtainable by any of the methods according to the herein claimed screening 
assays. In one further embodiment, the instant invention provides for a 
medicament obtained by any of the methods according to the herein claimed 
screening assays. 

The present invention features a protein molecule shown in SEQ ID NO. 1. or 
a fragment, or derivative, or variant thereof, for use as a diagnostic target for 
detecting a neurodegenerative disease, preferably Alzheimer's disease. 

The present invention further features a protein molecule shown In SEQ ID 
NO.i, or a fragment, or derivative, or variant thereof, for use as a screening 
target for reagents or compounds preventing, or treating, or ameliorating a 
neurodegenerative disease, preferably Alzheimer's disease. 

The present invention features an antibody which is specifically 
immunoreactive with an immunogen, wherein said immunogen is a translation 
product of a gene coding for rab31. or a fragment, or variant, or derivative 
thereof. The immunogen may comprise immunogenic or antigenic epitopes or 
portions of a translation product of said gene, wherein said immunogenic or 
antigenic portion of a translation product is a polypeptide, and wherein said 
polypeptide elicits an antibody response in an animal, and wherein said 
polypeptide is immunospecifically bound by said antibody. Methods for 
generating antibodies are well known in the art (see Harlow et al.. Antibodies, 
A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor. New York). The term "antibody", |as employed in the present 
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invention, encompasses all forms of antibodies known in the art, such as 
polyclonal, monoclonal, chimeric, recombinatorial, anti-idiotypic, humanized, 
or single chain antibodies, as well as fragments thereof. Antibodies of the 
present invention are useful, for instance, in a variety of diagnostic and 
therapeutic methods involving detecting translation products of the rab31 
gene. 

In a preferred embodiment of the present invention, said antibodies can be 
used for detecting the pathqlogical state of a cell" Irra sample from a subject, 
comprising immunocytochemical staining of said cell with said antibody, 
wherein an altered degree of staining, or an altered staining pattern in said 
cell compared to a cell representing a known health status indicates a 
pathological state of said cell. Preferably, the pathological state relates to a 
neurodegenerative disease, in particular to AD. Immunocytochemical staining 
of a cell can be carried out by a number of different experimental methods 
well known in the art. It might be preferred, however, to apply an automated 
method for the detection of antibody binding, wherein the determination of the 
degree of staining of a cell, or the determination of the cellular or subcellular 
staining pattern of a cell, or the topological distribution of an antigen on the 
cell surface or among organelles and other subcellular structures within the 
cell, are carried out according to the method described in US patent 6150173. 

Other features and advantages of the invention will be apparent from the 
following description of figures and examples which are Illustrative only and 
not intended to limit the remainder of the disclosure in any way. 

Figure 1 depicts the brain regions with selective vulnerability to neuronal loss 
and degeneration in AD. Primarily, neurons within the inferior temporal lobe, 
the entorhinal cortex, the hippocampus, and the amygdala are subject to . 
degenerative processes in AD (Terry et al M Annals of Neurology 1981, 
10:184-192). These brain regions are mostly involved in the processing of 
learning and memory functions. In contrast, neurons within the frontal cortex, 
the occipital cortex, and the cerebellum remain largely intact and preserved 



r .nnn n nOQ 



II. JUL. 2002 13:55 ^ATENT VON KREISLER KOELN ^ NR. 3135 S. 30/54 

22 

from neurodegenerative processes in AD. Brain tissues from the frontal cortex 
(F) and the temporal cortex (T) of AD patients and healthy, age-matched 
control individuals were used for the herein disclosed examples. For 
illustrative purposes, the image of a normal healthy brain was taken from a 
publication by Strange (Brain Biochemistry and Brain Disorders. Oxford 
University Press, Oxford, 1992, p.4). 

Figure 2 Illustrates the verification of the differential expression of the human 
rab31 gene % in AD brain tissues by quantitative RT-PCR analysis. 
Quantification of RT-PCR products from RNA samples collected from the 
frontal cortex (F) and temporal cortex (T) of AD patients (Fig 2a) and of a 
healthy, age-matched control individuals (Fig 2b) was performed by the 
LightCycler rapid thermal cycling technique. The data were normalized to the 
combined average values of a set of standard genes which showed no 
significant differences in their gene expression levels. Said set of standard 
genes consisted of genes for the ribosomal protein S9, the transferrin 
receptor. GAPDH, and beta-actin. The figure depicts the kinetics of 
amplification by plotting the cycle number against the amount of amplified 
material as measured by its fluorescence. Note that the amplification kinetics 
of the rab31 cDNA from both the frontal and temporal cortices of a normal 
control individual during the exponential phase of the reaction are juxtaposed 
(Fig 2b, arrows), whereas in AD (Fig 2a, arrows), there Is a significant 
separation of the corresponding curves, indicating a differential expression of 
the rab31 gene in the two analyzed brain regions. 

Figure 3 discloses SEQ ID NO. 1; the amino acid sequence of rab31 protein 
(NCBI GenBank accession number: AAB02832). The full length human rab31 
protein comprises 194 amino acids. 

Figure 4 shows SEQ ID NO. 2, the nucleotide sequence of the human rab31 
cDNA coding sequence, comprising 585 nucleotides. The length of rab31 
cDNA according to NCBI GenBank entry U59877 is 921 base pairs. 
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Figure 5 depicts SEQ ID NO. 3. the nucleotide sequence of the 212 bp rab31 
cDNA fragment, identified and obtained by suppressive subtractive 
hybridization (sequence in 5' to 3' direction). 

Figure 6 outlines the sequence alignment of SEQ ID NO. 3 to the nucleotide 
sequence of the human rab31 cDNA. 

Table 1 discloses the initial identification of differential expression of the 
human rab31 gene by subtractive suppressive microarray hybridization 
experiments. Identical biochips containing cDNA clones of subtracted AD and 
control brain cDNA libraries were co-hybridized with different Cyanine3 (Cy3) 
and Cyanine5 (Cy5) labeled cDNA probes, designated as probes B or C, 
respectively. Cy3 and Cy5 labeled SMART probes (B) were generated from 
cDNAs, derived from frontal or temporal cortex of AD patients and control 
persons, respectively, refer to section (vi-b). Cy3 and Cy5 labeled SSH 
probes (C) were derived from cDNA populations after suppressive subtractive 
hybridization of brain cDNAs from frontal and temporal cortex of AD patients 
and of control individuals, respectively, refer to section (vi-c); (PFsshcd = AD 
frontal cortex cDNA after subtraction of AD temporal cortex cDNA; PTssh(2> = - 
AD. temporal cortex cDNA after subtraction of AD frontal cortex cDNA). The 
table lists the gene expression level of rab31 indicated as the ratio of 
fluorescence intensity measured for the temporal cortex relative to the frontal 
cortex of AD patients. The ratios of fluorescence intensity reflect a differential 
regulation of human rab31 RNA expression in temporal and frontal cortex of 
AD patients. 

Table 2 lists rab3l gene expression levels in the temporal cortex relative to 
the frontal cortex in seven AD patients (1.04 to 2.43 fold) and five healthy, 
age-matched control individuals (0.77 to 1.45 fold), 

EXAMPLE I: 

(i) • : Brain tissue dissection from patients with AD: 
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Brain tissues from AD patients and age-matched control subjects were 
collected on average within 5 hours post-mortem and immediately frozen on 
dry ice. Sample sections from each tissue were fixed in paraformaldehyde for 
histopathologic^ confirmation of the diagnosis. Brain, areas for differential 
expression analysis were identified (see Fig. 1) and stored at -80°C until RNA 
extractions were performed, 

(ii) Isolation of total mRNA: 

Total RNA was extracted from post-mortem brain tissue by using the RNeasy •> 
kit (Qiagen) according to the manufacturer's protocol. The accurate RNA 
concentration and the RNA quality were determined with the DNA LabChip 
system using the Agilent 2100 Bloanalyzer (Agilent Technologies). For 
additional quality testing of the prepared RNA, i.e. exclusion of partial 
degradation and testing for DNA contamination, specifically designed intronic 
GAPDH oligonucleotides and genomic DNA as reference control were used to 
generate a melting curve with the LightCycler technology as described in the 
manufacturer's protocol (Roche). 

(iii) cDNA synthesis and Rsa I digestion 

In order to identify changes in gene expression In different tissues, a 
screening method combining cDNA synthesis, suppressive subtractive 
hybridization (SSH) and screening of microarray chips with a diversity of 
cDNA probes from SSH was employed. This technique compares different 
populations of mRNA and provides clones of genes that are expressed in one 
population of cells but not, or at lower level, in the other population of cells. In 
the present invention. RNA populations from selected post-mortem brain 
tissues (frontal and temporal eortex) of AD patients and age-matched control 
subjects were compared. 

As starting material for the suppressive subtractive microarray analysis total 
RNA was extracted as described above (ii). For production of preferably full- 
length cDNAs, the polymerase chain reaction (PCR)-based method 'SMART 
cDNA Synthesis' was performed according to the manufacturer's protocol 
(Clontech).' 
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The principle of 'SMART cDNA synthesis' has been described in detail 
(Chenchik et al., in Gene Cloning and Analysis by RT-PCR, Eds. Siebert and 
Larrick, Biotechniques Books, Natick. MA 1998: 305-320). For SMART cDNA 
synthesis, four RNA pools, each consisting of 8 pg total RNA, were prepared. 
Each pool contained 2 pg of each of four different samples, i.e. from inferior 
frontal cortex (CF) and from inferior temporal cortex (CT) of control brains, 
from inferior frontal cortex (PF) and from inferior temporal cortex (PT) of 
patient brains, respectively. An amount of Tpg of total RNA mix was utilized 
in a reaction volume of 50 pi (PCR cycler: Multi Cycler PTC 200, MJ 
Research). The second SMART PCR step was performed using 19 cycles. 
Superscript II RNaseH Reverse Transcriptase and 5x first-strand buffer 
(Invitrogen) were used. 

After extraction and purification of the PCR products, restriction digestions 
were carried out with 30 U Rsa I (MB I Fermentas) for 2,5 hours at 37°C. Rsa I 
restriction sites are located within the universal priming sites of the double 
stranded (ds) cDNA. The quality of the digestions was analyzed by agarose 
gel electrophoresis, the digested samples were purified (QIAquick PCR 
Purification Kit, Qlagen). and the cDNA concentrations were determined by 
UV spectrophotometry (Biorad). 

(iv) Suppressive subtractive hybridization (SSH) 

Four SMART cDNA pools (Hi), were compared using suppressive subtractive 
hybridization. A pool of cDNA containing differentially expressed genes is 
thereby designated as "tester", the reference cDNA pool as "driver". The two 
pools are hybridized, and all cDNAs, present in both pools will be eliminated, 
i.e. the driver-pool will be subtracted from the tester-pool. Thus, clones of 
genes that are predominantly expressed in the tester population are obtained. 
The 'PCR-Select cDNA Subtraction Kit' (Clontech) was used to perform the 
subtractive hybridization. The 'tester 1 SMART cDNA pools, derived from 
temporal cortex (CT) of control brains, and from frontal and temporal cortex 
(PF and PT) of patient brains (Hi), were subdivided into two pools each. Each 
pool was llgated with adaptor 1 or adaptor 2, respectively, thus obtaining 6 
different 'tester" cDNA pools. The three 'driver' SMART cDNA pools, pT, PF 
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and PT, remained unligated. In a first hybridization step, used to enrich for 
differentially expressed sequences, the following three different tester' 
SMART cDNA pools were combined with an excess of the following 'driver' 
SMART cDNAs: SSH(1): PF-'tester' and PT-'driver*; SSH(2): PT-'tester' and 
PF-'driver'; SSH(3): Chester' and PT-'driver-; SSH(4): PT-'tester" and CT- 
•dnver'. Following a denaturation step for 1.5 min at 98»C, the hybridization 
was carried out for 8 hours at 68'C. In a second step; the two corresponding 
primary hybridization samples of 'tester' SMART cDNA pools Hgated to 
adaptor 1 or 2, respectively, were mixed and re-hybridized at 68"C for 15 
hours, with an excess of the 'driver' SMART cDNA pool, as used before 
Thus, suitable double stranded cDNAs for subsequent amplification, i.e. with 
both adaptor sequences at their 5' and 3' ends and therefore with different 
annealing sites, were generated. The following PCR steps were applied to 
obtain efficiently amplified specific products and to suppress nonspecific 
amplification. In the first PGR. missing strands of the adaptors were filled in 
by DNA-polymerase activity. 1 pi of the obtained hybridization products each 
were subjected to PCR using the corresponding 'primer 1' (10 pjM) (Clontech) 
along with 1x PCR reaction buffer (Clontech). 10 mU dNTP-Mix (dATP, dGTP. 
dCTP, dTTP, Amersham Pharmacia Biotech), and 0.5 pi 50x Advantage cDNA 
Polymerase Mix (Clontech) In a 25 pi final volume. PCR conditions were set 
as follows: one round at 75 °C for 5 min. which was followed by 27 or 30 
cycles: 94 »C for 30 sec, 64 "C or 66 "C for 30 sec. 72 "C for 1,5 min . One 
final step at 72 °C for 5 min was added to the last cycle". A second nested 
PCR was performed as described for the first PCR, except that instead of 
'primer V the nested primers 'nested primer 1' and *2R' were used and an 
annealing temperature of 66°C or 88°C and 12 or 15 cycles, were applied. 
PCR-products obtained by different conditions were pooled for subsequent 
analysis. For the primer sequences used, refer to appendix 6 of the supplier's 
user manual (Clontech), 

(v) Cloning of subtracted PCR products and production of DNA-biochips 
The SSH SMART double stranded cDNAs of the four different combinations 
SSH(1)-SSH(4), refer to (iv), were ligated into the: pCR2.1 -vector and' 
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transformed into INValphaF' cells according to the manufacturer's instructions 
(TA Cloning Kit, Invitrogen). Bacterial colonies were picked and analyzed by 
colony PCR on MTPs (microtlter plates, 96 well. Abgene). using 'nested 
primer 1° and 'nested primer 2'. Those MTPs showing more than 90% positive 
clones were subjected to a preparative colony PCR approach. Per well, the 
following PCR mix was generated: the corresponding oligonucleotides 'nested 
primer V and "nested primer 2' (0.5 uM each), 1 x Titanium PCR buffer 
(Clontech), 200 uM dNTP-Mix (Amersham Pharmacia Biotech). 0.2 x 
TitaniumTaq DNA-Polymerase (Clontech) In a 120 pi final vokjme. PCR 
conditions were set as follows: one round at 94 °C for 30 sec for denaturing, 
the next round was followed by 35 cycles: 94 °C for 30 sec and 68°C for 3 
min. The quality of the amplified products was analyzed (DNA LabChip 
system, Agilent 2100 Bioanalyzer, Agilent Technologies), followed by 
purification (Multiscreen-PCR-Pumfieation system. Millipore). 
Additionally, the following standard control samples were generated: three 
different Arabidopsls thaliana genes, polyA-DNA, salmon sperm DMA, human 
Cot=1 DNA, and 3xSSC~buffer were used as negative controls (Microarray 
Validation System, Stratagene); beta-Actin and Xenopus cDNA were used as 
normalizing controls. 

Several MTPs were made of each of the SSH combinations SSH(1)-(4). 
harboring amplification products of 96 different clones per plate. The 
amplified products were spotted in triplicates onto GAPS glass-slides (CMT- 
GAPS, Corning) by GeneScan Europe. 

(vi) Probe synthesis and identification of differentially expressed genes 
by screening of DNA blochlps: 

For the production of Cyanine3 (Cy3) and Cyanine5 (Cy5) labeled SMART 
cDNA-probes, the PCR-based method 'SMART cDNA Synthesis' was 
performed as described in section (Hi). Here, total RNA was used as starting 
material, which had been extracted as described above (ii). Four RNA 
mixtures were prepared as described in section (Hi). 1 pg o f eacn RNA miK 
and 1 ng Xenopus total RNA were subjected to the SMART cDNA reaction. 
For PCR amplification, extraction and purification of the cDNAs. restriction 
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digestion with Rsa I, and subsequent purification of the digested samples, 
refer to section (iii). 

SMART cDNA samples were labeled with either Cy3 or Cy5 (Atlas Glass 
Fluorescent Labeling Kit, Clontech). In the first labeling step, aliphatic amino 
groups, I.e. aminoallyl-dUTP (Clontech), were incorporated into denatured 
(100°C, 7 min) Rsa I digested PCR products. The reaction was catalyzed by 
the Klenow Fragment (MBI Fermentas). In a second labeling step, the 
fluorescent reporter dyes Cy3 or Cy5 were coupled to the Incorporated 
functionalities. The purified Cy3 and Cy5 labeled SMART cDNA probes (Atlas 
NucleoSpin Extraction Kit. Clontech) were resuspended in hybridization buffer 
(5x SSC. 0.1% SDS, 25% formamide) after denaturation for 7 min at 100°C. 
Subsequently, the Cy3 labeled SMART probe was mixed with the Cy5 labeled 
SMART probe and together applied evenly onto one prehybridized (5x SSC. 
0.1% SDS, 1% BSA. 45 min at 42°C) microarray. Array hybridization was 
performed over night at 42°C. High stringency washing of the biochips 
followed according to the instructions of the TSA Detection Kit protocol (NEN 
Life Science). 

Biochip 2 was hybridized with SMART cDNA mix PF(Cy3) and PT(Cy5). 
Scanning the microarrays with the appropriate wavelengths (635 nm. 532 nm) 
allowed detection of both cyanine dyes simultaneously. 

Subtraction probe synthesis: 
• For the production of Cyanine3 (Cy3) and Cyanine5 (Cy5) labeled SSH cDNA- 
probes. the PCR-based method 'SMART cDNA Synthesis' was performed as 
described in section (iii). Here, we used total RNA as starting material, which 
was extracted as described above (ii). Four RNA mixtures were prepared as 
disclosed in section (III). 1 ug of each RNA mix was subjected to the SMART 
cDNA reaction. For PCR amplification, extraction and purification of the 
cDNAs. restriction digestion with Rsa I, and subsequent purification of the 
digested samples, refer to section (iii). For subtractive hybridization, the PCR~ 
Select cDNA Subtraction Kit (Clontech) was utilized as described in detail in 
section (iv). The subtracted PCR products of the combinations SSH(1) and 
SSH(2). and of SSH(3) and SSH(4),, respectively, were purified (StrataClean 
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Kit, Stratagene), and adaptor 1 and 2 removed by restriction digest with Rsa I 
and Sma I (MB! Fermentas). The SSH cDNA pools were labeled with either 
Cy3 or Cy5 (Atlas Glass Fluorescent Labeling Kit, Clontech). In the first 
labeling step, aliphatic amino groups, i.e. amlnoallyl-dUTP (Clontech), were 
incorporated into the denatured (100°C, 7 min) Rsa I and Sma I digested SSH 
cDNA products. The reaction was catalyzed by the Klenow Fragment (MBI 
Fermentas). In a second labeling step, the fluorescent reporter dyes Cy3 and 
CyS were coupled to the incorporated functionalities. 

The purified Cy3^and CyS labeled SSH cDNA probes (for purification refer to 
the Atlas NucleoSpin Extraction Kit, Clontech) were resuspended in 
hybridization buffer (5x SSC, 0.1% SDS, 25% formamide) after denaturation 
for 7 min at 100°C. Subsequently, the Cy3 labeled SSH1 probe was mixed 
with the CyS labeled SSH2 probe, and the Cy3 labeled SSH3 probe with the 
CyS labeled SSH4 probe, respectively. Each combination was applied evenly 
onto one prehybridozed (5x SSC, 0.1% SDS 0 1% BSA, 45 min at 42°C) 
rmicroarray. Array hybridization was performed over night at 42°C. High 
stringency washing of the biochips followed according to the instructions of 
the TSA Detection Kit protocol (NEN Life Science), 

Biochip 1 was hybridized with the cDNA mix SSH(1)(Cy3) and SSH(2)(Cy5). 
Scanning of the microarrays with the appropriate wavelengths (635 nm, 532 
nm) allowed detection of both cyanine dyes simultaneously. 

(vis) PNA biochips data evaluation 

Fluorescence raw data for Cy3 and CyS, measured at 635 and 532 nm, 
respectively, were taken severalfold (for each of the three spots per cDNA), 
One set of measurements was performed within the spot area (signal) and 
another set of measurements was taken nearby (background). Subsequently 
the net fluorescence intensity (Fleas, Flsaz) of the spots was calculated as 
follows: 

FI635/532 55 (M F'sppt— 1 SD Flsppl) — (M Flbackground + 1 SD Flbackground)* 

In this calculation, M defines the median of the replicate measurements per 
spot, SD the standard deviation of the corresponding mean. Subsequently, 

r 

. — . . CT_r%.£ ™ °QQQ D flQ7 



11. JUL 2002 13:57 (B^ATENT VON KREISLER KOELN W NR. 3135 S. 38/54 

30 

only Fl 6 35 and Flsw values of >2 were considered for further evaluation plus 
those Fl 6 35 and FI S3 2 values of <2 where the corresponding value for the 
second wavelength was >3. 

In an analogous manner, the corresponding values for the Xenopus c£)NA 
control and the set of standard (housekeeping) genes were evaluated. The 
Xenopus cDNA was used as an internal calibrator for the efficiency of cDNA 
synthesis of the disease relevant m RIM As. Then, from the background | 
corrected Fl 63 s/S32 medians of the three replicate spots, the statistical mean 
was calculated and the signal ratio R for the cDNA probes was derived using 
the formula: 

R835/532 = FIbss. calibrated / Fls32, calibrated. 

In a last step of evaluation, the results of the different hybridizations were 
considered for logical coherence. 

(viii) Confirmation of differential expression by quantitative RT-PCR: 
Positive corroboration of differential expression of the gene coding for rab31 
was performed using the UghtCycler technology (Roche). This technique 
features rapid thermal cyling for the polymerase chain reaction as well as 
real-time measurement of fluorescent signals during amplification and 
therefore allows for highly accurate quantification of RT-PCR products by 
using a kinetic, rather than an endpoint readout. The ratio of rab31 cDNA from 
the temporal cortex and frontal cortex was determined (relative i 
quantification). | 

First, a standard curve was generated to determine the efficiency of the PCR 
with specific primers for the gene coding for rab31: 5- 
ACTGCTGAAGGACCCTACGC-3' and 5'- GATGCAAAGCCAGTGTGCTC-3'. 
PCR amplification (95 °C and 1 sec, 56 °C and 5 sec, and 72 °C and 5 sec) 
was performed in a volume of 20 pi containing LightCycler-FastStart DNA 
Master SYBR Green I mix (contains FastStart Taq DNA polymerase, reaction 
buffer, dNTP mix with dUTP instead of dTTP, SYBR Green I dye, and 1 mM 
MgCI 2 ; . Roche), 0.5 uM primers, 2 pi of a cDNA dilution series (final ' j 
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concentration of 40, 20. 10, 5. 1 and 0.5 ng human total brain cDNA; 
Clontech) and. depending on the primers used, additional 5 mM MgCI 2 . 
Molting curve analysis revealed a single peak at approximately 84.8 °C with 
no visible primer dimers. Quality and size of the PCR product were 
determined with the DNA LabChlp system (Agilent 2100 Bioanalyzer. Agilent 
Technologies). A single peak at the expected size of 72 bp for the rab31 gene 
was observed in the electropherogram of the sample. 

In an analogous manner, the PCR protocol was applied to determine the PCR 
efficiency of a set of reference genes which were selected as a reference 
standard for quantification. In the present invention, the mean value of five 
such reference genes was determined: (1) cyclophilin B, using the specific 
primers 5'-ACTGAAGCACTACGGGCCTG-3' and 5'-AGCCGTTG GTGTCTT 
TGCC-3' except for MgCI 2 (an additional 1 mM was added instead of 3 mM). 
Melting curve analysis revealed a single peak at approximately 87 "C with no 
visible primer dimers. Agarose gel analysis of the PCR product showed one 
single band of the expected size (62 bp). (2) Ribosdmal protein S9 (RPS9). 
using the specific primers 5'-G GTC AAATTTA C CCTG G CCA-3" and 5'- 
TCTCATCAAGCGTCAGCAGTTC-3' (exception: additional 1 mM MgCI 2 was 
added instead of 3 mM). Melting curve analysis revealed a single peak, at 
approximately 85 e C with no visible primer dimers. Agarose gel analysis of the 
PCR product showed one single band with the expected size (62 bp). (3) 
beta-actin, using the specific primers 5-TGGAACGGTGAAGGTGACA-3' and 
5*-GGCAAGGGACTTCCTGTAA-3\ Melting curve analysis revealed a single 
peak at approximately 87 8 C with no visible primer dimers. Agarose gel 
analysis of the PCR product showed one single band with the expected size 
(142 bp). (4) GAPDH. using the specific primers 5'- 
CGTCATGGGTGTGAACCATG-3' and 5-GCTAAGCAGTTGGTGGTGCAG-3'. 
Melting curve analysis revealed a single peak at approximately 83°C with no 
visible primer dimers. Agarose gel analysis of the PCR product showed one 
single band with the expected size (81 bp). (5) Transferrin receptor TRR, 
using the specific primers 5'rGTCG CTG GTCAGTTCGTG ATT-3' and 5'- 
AGCAGTTGGCTGTTGTACCTCTC-3'. Melting curve . analysis revealed a 
single peak at approximately 83°C with no visible primer dimers. Agarose gel 
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analysis of the PCR product showed one single band with the expected size 
(80 bp). For calculation of the values, first the logarithm of the cDNA 
concentration was plotted against the threshold cycle number C t for rab31 and 
the five reference standard genes. The slopes and the Intercepts of the 
standard curves (i.e. linear regressions) were calculated for all genes. In a 
second step. cDNAs from frontal cortex and temporal cortex were analyzed In 
parallel and normalized to cyclophilin B. The C t values were measured and 
converted to ng total brain cDNA using the corresponding standard curves: 

- i 
1 0 A ( (Ct value - intercept) / slope ) [ng total brain cDNA] 

The values for frontal and temporal cortex rab31 cDNAs were normalized to 
cyclophilin B and the ratio was calculated according to formula: 

rab31 temporal [ng] / cyclophilin B temporal [ng] 
Ratio = _„ 

rab31 frontal [ng] / cyclophilin B frontal (ngj 

In a third step, the set of reference standard genes was analyzed in parallel to 
determine the mean average value of the temporal to frontal ratios of 
expression levels of the referenca standard genes for each individual brain 
sample. As cyclophilin B was analyzed in step 2 and step 3, and the ratio from 
one gene to another gene remained constant in different runs, it was possible 
to normalize the values for rab31 to the mean average value of the set of 
reference standard genes instead of normalizing to one single gene alone. 
The calculation was performed by dividing the ratio shown above by the 
deviation of cyclophilin B from the mean value of all housekeeping genes. The 
results of one such quantitative RT-PCR analysis for the rab31 gene are 
shown in Figure 2. 
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CLAIMS 

1 . A method of diagnosing or prognosticating a neurodegenerative disease in 
a subject, or determining whether a subject is at increased risk of developing 
said disease, comprising: 

determining a level and/or an activity of 

(i) a transcription product of a gene coding for rab31 , and/or 

(ii) a translation product of a gene coding for rab31 . and/or 

(iii) a fragment or derivative of said transcription or translation product 

in a sample from said subject and comparing said level and/or said activity to 
a reference value representing a known disease or health status, thereby 
diagnosing or prognosticating said neurodegenerative disease in said subject, 
or determining whether said subject is at increased risk of developing said 
neurodegenerative disease. 

2. The method according to claim 1 wherein said neurodegenerative 
disease is Alzheimer's disease. 

3. A kit for diagnosing or prognosticating a neurodegenerative disease, in 
particular Alzheimer's disease, in a subject, or determining the propensity or 
predisposition of a subject to develop such a disease, said kit comprising: 

(a) at least one reagent which is selected from the group consisting of (1) 
reagents that selectively detect a transcription product of a gene coding 
for rab31 and (ii) reagents that selectively detect a translation product of a 
gene coding for rab31 ; and 

(b) an instruction for diagnosing or prognosticating a neurodegenerative 
disease, In particular Alzheimer's disease, or determining the propensity 
or predisposition of a subject to develop such a disease by (i) detecting a 
level, or an activity, or both said level and said activity, of said 
transcription product and/or said translation product of a gene coding for 
rab3l, in a sample from said subject: and (ii) diagnosing or 
prognosticating a neurodegenerative disease, in particular Alzheimer's 
disease, or determining the propensity or predisposition of said ^subject to 
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develop such a disease, wherein a varied level, or activity, or both said 
level and said activity, of said transcription product and/or said translation 
product compared to a reference value representing a known health 
status; or a level, or activity, or both said level and said activity, of said 
transcription product and/or said translation product similar or equal to a 
reference value representing a known disease status indicates a 
diagnosis or prognosis of a neurodegenerative disease. In particular 
Alzheimer's disease, or an increased propensity or predisposition of 
developing such a disease. ^ 

4. A modulator of an activity and/or of a level of at least one substance 
which is selected from the group consisting of 

(i) a gene coding for rab31 , and/or 

(II) a transcription product of a gene coding for rab31, and/or 
(HI) a translation product of a gene coding for rab31 f and/or 
(iv) a fragment or derivative of (i) to (Hi). 

5. A recombinant non-human animal comprising a non-native gene 
sequence coding for rab31 or a fragment thereof, or a derivative, or a variant 
thereof, said animal being obtainable by: 

(i) providing a gene targeting construct comprising said gene sequence 
and a selectable marker sequence, and 

(ii) introducing said targeting construct into a stem cell of a non-human 
animal, and 

(Hi) introducing said non-human animal stem cell into a non-human embryo, 
and 

(iv) transplanting said embryo into a pseudopregnant non-human animal, 
and 

(v) allowing said embryo to develop to term, and 

(vi) identifying a genetically altered non-human animal whose genome 
comprises a modification of said gene sequence in both alleles, and 

(vii) breeding the genetically altered non-human animal of step (vi) to obtain 
a genetically altered non-human animal whose geriqrne comprises a 

r 

Fmn-t -,„; + ■ ii /n7/9nfl? ISrFft . Empf .nr.:233 P. 042 



. JUL 2002 



13:58 




TENT VON KREISLER KOELN 



^ NR. 3135 S. 43/54 



35 



modification of said endogenous gene, wherein said disruption results 
in said non-human animal exhibiting a predisposition to developing 
symptoms of a neurodegenerative disease or related diseases or 
disorders. 

6. An assay for screening for a modulator of neurodegenerative diseases, 
in particular Alzheimer's disease, or related diseases or disorders of one or 
more substances selected from the group consisting. of 

(i) a gene coding for rab31, and/or , 

(H) a transcription product of a gene coding for rab31 , and/or 

(Hi) a translation product of a gene coding for rab31 , and/or 

(iv) a fragment or derivative of (i) to (iii), 

said method comprising: 

(a) contacting a cell with a test compound; 

(b) measuring the activity and/or level of one or more substances recited in 
(I) to (iv); 

(c) measuring the activity and/or level of one or more substances recited in 
(i) to (iv) in a control cell not contacted with said test compound; and 

(d) comparing the levels and/or activities of the substance in the ceils of 
step (b) and (c). wherein an alteration in the activity and/or level of 
substances in the contacted cells indicates that the test compound is a 
modulator of said diseases or disorders. 

7. A method of screening for a modulator of neurodegenerative diseases, 
in particular Alzheimer's disease, or related diseases or disorders of one or 
more substances selected from the group consisting of 

(i) a gene coding for rab31 , and/or 

(ii) a transcription product of a gene coding for rab31 , and/or 
(Hi) a translation product of a gene coding for rab31. and/or 
v) a fragment or derivative of (i) to (iii). 

1 method comprising: 

administering a test compound to a test animal which is predisposed to 
«?veloping or has already developed symptoms of a neurodegenerative 
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disease or related diseases or disorders in respect of the substances 
recited in (i) to (iv); 

(b) measuring the activity and/or level of one or more substances recited in 
(i) to (iv); 

(c) measuring the activity and/or level of one or more substances recited in 
(i) or (iv) in a matched control animal which is predisposed to 
developing or has already developed symptoms of a neurodegenerative 
disease or related diseases or disorders in respect to the substances 
recited in (I) to (iv) and to which animal no such test compound has 
been administered; 

(d) comparing the activity and/or level of the substance in the animals of 
step (b) and (c). wherein an alteration in the activity and/or level of 
substances in the test animal indicates that the test compound is a 
modulator of said diseases or disorders. 

8. The method according to claim 7 wherein said test animal and/or said 
control animal is a recombinant animal which expresses a gene coding for 
rab31. or a fragment thereof, or a derivative thereof, under the control of a 
transcriptional control element which is not the native rab31 gene 
transcriptional control element 

9. An assay for testing a compound, preferably for screening a plurality of 
compounds to determine the degree of binding of said compounds to a rab31 
translation product, or to a fragment or derivative thereof, said assay 
comprising the steps of: 

(i) adding a liquid suspension of said rab31 translation product, or a 
fragment or derivative thereof, to a plurality of containers; 

(ii) adding a fluorescently labelled compound or a plurality of fluorescently 
labelled compounds to be screened for said binding to said plurality of 
containers; 

(iii) incubating said rab31 translation product, or said fragment or derivative 
thereof, and said fluorescently labelled compound or fluorescently 
labelled compounds; 
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(iv) 
(v) 



measuring amounts of fluorescence associated with said rab31 
translation product, or with said fragment or derivative thereof; and 
determining the degree of binding by one or more of said compounds to 
said rab31 translation product, or said fragment or derivative thereof. 



10. A protein molecule shown in SEQ ID NO. 1 , or a fragment, or derivative, 
or variant thereof, for use as a diagnostic target for detecting a 
neurodegenerative disease, preferably Alzheimer's disease. • 

11. A protein molecule shown in SEQ ID NO.1, or a fragment, or derivative, 
or variant thereof, for use as a screening target for reagents or compounds 
preventing, or treating, or ameliorating a neurodegenerative disease, 
preferably Alzheimer;s disease. 

12. Use of an antibody specifically Immunoreactive with an immunogen. 
wherein said immunogen is a translation product of a gene coding for rabSl, 
or a fragment, or derivative, or variant thereof, for detecting a pathological 
state of a cell in a sample from a subject, comprising immunocytochemical 
staining of said cell with said antibody, wherein an altered degree of staining, 
or an altered staining pattern in said cell compared to a cell representing a 
known health status indicates a pathological state of said cell. 
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SUMMARY 

The present invention discloses the differential expression of a gene coding 
for a GTP-binding protein from the rab-family in specific brain regions of 
Alzheimer's disease patients. Based on this finding, this invention provides a 
method for diagnosing or prognosticating a neurodegenerative disease, in 
particular Alzheimer's disease, in a subject, or for determining whether a 

K subject is at increased risk of developing such a disease. Furthermore, this 
invention provides therapeutic and prophylactic methods for treating or 
preventing Alzheimer's disease and related neurodegenerative disorders 
using the rab31 gene and its corresponding gene products. A method of 
screening for modulating agents of neurodegenerative diseases is also 

disclosed. 
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Figure 3 : SEQ ID NO. 1 ; amino acid 
sequence of human RAB31 protein 



Length: 194 aa 

1 MAIRELKVCL LGDTGVGKSS XVCRPVQDHP DHNISPTIGA SPMTKTVPCG 
51 UELHKE'LIWP TAGQBRPHSI. APKSTfRGSAA AVIVX1JXTKQ DSFOTLKKWV 
XOl KEIiKEHGPBN TVMAIAGNKC DLSDIREVPL KDAKEYABSI GAIWETSAK 
151 NATNIEELFQ OISRQISPLD PHEWGNNGTI KVEKPTMQAS HRCC 
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Figure 4: SEQ ID NO. 2; nucleotide 
sequence of human RAB31 cDNA 
coding sequence 



Length: 585 bp 

1 ATGGCGATAC GGGAGCTCAA* AGTGTGCCTT CTCGGGGACA CTGGGGTTGG 

51 GAAATCAAGC ATCGTGTGTC GATTTGTCCA GGATCACTTT GACCACAACA 

101 TCAGCCCTAC TATTGGGGCA TCTTTTATGA CCAA&AGTGT GCCTTGTGGA 

151 AATGAACTTC ACAAGTTCCT CATCTGQGAC ACTGCTGGTC - AGGAACGGOT 

201 TCATTCATTG GCTCCCATGT ACTATCGAGG. CTCAGCTGCA GCTGTTATCG 

251 TGTATGATAT TACCAAGCAG GATTCATTTT ATACCTTGAA GAAATGGGTO 

3 01 AAGGAGCTGA AAGAACATGG TCCAGAAAAC ATTGXAATGG CCATCGCTGG 

351 AAACAAGTGC GACCTCTCAG ATATTAGGGA GGTTCCCCTG AAGGATGCTA 

401 AGGAATACGC TGAATCCftTA GGTGCCAXCG TGGTTGAGAC AAGTGCAAAA 

451 AATGCTATTA ATATCGAAGA GCTCTTTGAA GGAATCAGCC GCCAGATCCC 

501 ACCCTTGGAC CCCCATGAAA ATGGAAACAA TGGAACAATC AAAGTTCAGA 

551 AGCCAACCAT GCAAGCCAGC CGCCGGTGCT GTTGA * 
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Figure 5: SEQ ID NO. 3 



Length: 212 bp 

1 ACCGTGGACC ACGGCCCTTG GGTCAACAGC ACCGGCGGCT GGCTTGCATG 
51 GTTGGCTTCT PAACTTTGAT TGTTCCATTG TTTCCACTTT CATGGGGGTC 
101 CftAGGGTGGG ATCTGGCGGC TGATTCCTTG AAAGAGCTCT TCGATATTAA 
151 TAGCATTTTT TGCACTTGTC TCAACCACGA TGGCACCTAT GGATTCAGGG 
2 01 TATTCCTTAG CA 
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Figure 6: Alignment of SEQ ID NO. 3 
with human RAB31 cDNA 



Length: 212 bp 



212 TGCTAAGGAATACGCTGAATCCATAGGTG CC^TCGTGGTTGAGACAAGTG 163 

IIMIIIIIIIilllllMllllllllllllllllllllllllllilll! 

527 TGCTi^GGAATACGCTGi^TCCATAGGTGCCATCGTGGTTGAGACAAGTG 576 
162 CAAAAAATGCTATTAATATCGAAGAGCTCTTT^^ 113 

Mill II III I II ill I! II 1 1 rill 1 1 INI II I III III 1)1 II UN 

577 CAAAAAAT G CXATTAATATCGAAGAG CTC TTTCAAG GAATCAG C CGC CAG 626 

• * • ■ * 

112 ATCCC^CCCTTGGACCCCCATGAAAGTGQJU^CAATGGAAC^TCAAAGT 93 

II MINIMI MIMIM MMII I ! 1 1 f I i 1 1 1 1 1 1 M i II I M ! 1 1 

S27 ATCCCACCCTTGGACCCCCATGAAAATGGAAACAATGGAA^ 676 
62 TGAGAAGCCAACCATGCAAGCCAGCCGCCGGTGCTGTTGACCCAAGGGCC 13 

II III III Mill III II I UNI II IIMIM llllll li Ml !l II II 

677 TGAGAAGCCI^CCATGCAAGCCAGCCGCCGGTGCTGTTCACCCAAGGGCC 726 

12 GTGGTCCACGGT 1 

I 1 M J t I I I i II 
727 GTGGTCCACGGT 73 8 
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sample A (fold) 

(temporal / frontal cortex) 



patient 1 1.10 

patient 2 1.78 

patient 3 1.91 

patient 4 1 .69 

patient 5 1 .04 

patient 6 2.43 

patient 7 1.78 

control 1 0.83 

control 2 0.80 

control 3 1.45 

control 4 0.77 

control 5 1 .08 
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